OBJECTIVE: It has been suggested that coping behaviour, in particular a defeat reaction to stress, is a determinant of the central pattern of body fat. To verify this hypothesis, this study investigated if coping behaviour, and associated personality traits, are associated with a central pattern of body fat or total body fatness in a healthy population of males (n 83) and females (n 98) early in life. METHODS: Problem-focused, emotion-focused and type A behaviour were measured at the mean ages of 21 y and 27 y. Personality traits (inadequacy, social inadequacy, dominance, rigidity and debilitating anxiety), a central pattern of body fat (subscapularatriceps, (SaT) ratio) and total body fatness (sum of four skinfolds (SSF): biceps, triceps, subscapular, suprailiac) were measured six times between the ages of 13 ± 27 y. RESULTS: In both genders, no association was found between either coping strategy and a central pattern of body fat or total body fatness. In males, type A behaviour was signi®cantly negatively correlated with the S/T ratio (r 70.27, P 0.01) after adjustment for total body fatness, at the mean age of 27 y. In a longitudinal analysis, adjusted for total body fatness, dominance and rigidity were negatively associated with the SaT ratio (b 70.09, 95% con®dence interval (95% CI) (70.17; 70.00) and b 70.11, 95% CI (7.19; 70.02), respectively) between the ages of 13 ± 21 y in males. These associations of type A behaviour, dominance and rigidity, with a central pattern of body fat, were weaker and did not reach statistical signi®cance with total body fatness. CONCLUSIONS: The results of this study justify further research on the association between coping behaviour, personality and the development of a central pattern of body fat.
Introduction
Prospective studies have shown the increased risk of coronary heart diseases (CHD) in subjects with relatively more fat stored on the trunk compared to fat on the extremities, independent of total body fatness. 1 ± 4 The recognition of a central pattern of body fat, as an independent risk factor for CHD, urged the identi®ca-tion of its determinants. The contribution of heredity to the development of a central pattern of body fat, has been shown in several studies 5 ± 7 . Careful reading of studies regarding the effects of physical activity, dietary intake, alcohol intake and smoking behaviour results in the conclusion that these variables only moderately affect a central pattern of body fat, 8 ± 10 the effects being most pronounced for smoking behaviour. 11, 12 An interesting, but yet hardly investigated, hypothesis about potential determinants of a central pattern of body fat comes from Bjo Èrntorp. 13 He suggests that a defeat reaction to stress would result in hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis, with amongst others, an increased secretion of cortisol. High levels of cortisol would increase the lipid accumulating enzymes of fat and hence result in fat accumulation. With an increased density of glucocorticoid receptors in the abdominal area, fat accumulation would preferentially occur in this region, resulting in a central pattern of body fat.
The way subjects deal with stressors, that is, their coping strategy, can be roughly subdivided into a problem-focused or emotion-focused coping strategy. While the ®rst strategy results in help seeking and problem solving behaviour (an`active' reaction), the latter strategy is characterised by avoidance of stressors or emotion regulation (a`passive' reaction), and more in line with the typical defeat reaction.
With regard to coping behaviour, type A behaviour plays an interesting role. Snel et al 14 (1995) found that type A behaviour may be regarded as coping behaviour in males. Type A males tend strongly to have control over stressors and mainly react to stressors with a problem-focused coping strategy. Interestingly, type A behaviour is associated with personality. More speci®cally, males with type A behaviour are reported to be more dominant, rigid and motivated to reach achievements. 15 The latter seems to originate, at least partly, from a higher fear of failure, because they also show more debilitating anxiety. On the other hand, subjects who often report a depressed mood, may easily react to stressors with an emotion-focused coping strategy.
Research on the association between coping, personality and a central pattern of body fat is very limited. In this study, we veri®ed Bjo Èrntorp's idea that coping behaviour plays a role in the development of a central pattern of body fat, using data from the Amsterdam Growth and Health Study, a longitudinal observational cohort study in which healthy subjects were followed between the mean ages of 13±27 y 16 It was hypothesized that a central pattern of body fat is:
(1) positively associated with an emotion-focused coping strategy; (2) negatively associated with a problem-focused coping strategy and type A behaviour; (3) positively associated with personality traits linked with an emotion-focused coping strategy (inadequacy and social inadequacy); (4) negatively associated with personality traits linked with a problem-focused coping strategy (dominance, rigidity, achievement motivation and debilitating anxiety).
As mentioned, it is suggested that increased levels of cortisol, as a result of an increased density of glucocorticoid receptors centrally in the body, results in a lipid accumulation preferentially centrally at the body. Therefore, we compared the associations of coping strategies, associated personality traits and a central pattern of body fat, with the associations between coping strategies, associated personality traits and total body fatness and hypothesized that:
(5) associations of coping strategies, and associated personality traits, with total body fatness are in the same direction as they are for a central pattern of body fat, but the associations with a central pattern of body fat are stronger.
Methods

Population
The Amsterdam Growth and Health Study is an observational longitudinal study. 16 The initial aim of the study was to describe the development of healthy adolescents in terms of growth, body composition, physiology, health-related behaviour and personality. Pupils of a ®rst and second form of a secondary school in Amsterdam were invited to participate in the study. Informed consent was given by the school director, parents of the children and the children themselves. All invited pupils decided to participate in the study and hence the study started with 148 boys and 159 girls.
The ®rst measurements took place in 1977, with the subjects at a mean age of 13 ( AE 0.6) y. In the next three years, annual measurements were carried out, until the mean age of 16 ( AE 0.6) y. Additional followup measurements were performed at the mean ages of 21 (0.8) y in 1985 and 27 (0.8) y in 1991. Hence, data are available over 15 years of study. Analyses in the present study were performed for those subjects measured at all six periods of measurement (males: n 83; females n 98). by two experienced examiners (RV, WvM). The subscapularatriceps (SaT) ratio (subscapular/triceps), contrasting body fat on the trunk to that on the extremities, was used as an indicator of a central pattern of body fat: A detailed description of the longitudinal development of the skinfolds and the S/T ratio is given elsewhere. 18 The sum of the four skinfolds (SSF) was used as an indicator of total body fatness.
Coping behaviour
Coping behaviour was measured at the mean ages of 21 y and 27 y. It was measured by using the Dutch version of the Ways of Coping Checklist (WCC). 19 The list contains 67 dichotomous items, of which 24 refer to a problem-focused coping strategy and 40 to an emotion-focused coping strategy. Sum-scores for both coping strategies were used in the analyses.
Type A behaviour was measured by using the Dutch version of the Jenkins Activity Score (JAS). 20 This questionnaire contains 36 items with 3±5 alternative responses and scores from 1±5. Hence, scores of subjects were between 36±180. Detailed information concerning the measurement of these variables is presented elsewhere. 14 
Personality
Questionnaires were used to measure personality traits at all six periods of measurement. Using the Dutch Personality Inventory (DPI)`inadequacy' (IN, vague feelings of malfunctioning, anxiety, vague physical and psychosomatic complaints, depressed mood), social inadequacy' (SI, neurotic shyness, uncomfortable feelings in social situations, avoidance of unfamiliar people or situations) and`rigidity' (RI, the need
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± 23
Using the Achievement Motivation Test (AMT) achievement motivation' (AM, the need to achieve and the will to reach achievements) and`debilitating anxiety' (DA, a fear of failure, leading to lower achievements, especially in unstructured tasks) were measured. 24, 25 Youth versions of both questionnaires were used during the four periods of measurement between the ages of 13±16 y. 22, 26 At the mean ages of 21 y and 27 y, adult versions of both questionnaires were used. Detailed information concerning the development of personality is presented elsewhere. 27 
Statistical analyses
Pearson correlation coef®cients were calculated between variables of coping behaviour and the anthropometric indicators of a central pattern of body fat and body fatness at the mean ages of 21 y and 27 y.
Personality and the anthropometric indicators of a central pattern of body fat and total body fatness, were measured at all six periods of measurement. Recent developments in longitudinal data analyses have resulted in techniques in which repeated measurements in the same subjects can be included in one analysis. For epidemiological studies, the technique of generalized estimating equations (GEE) is promising. 28, 29 The following model was used to analyze the association between personality traits (as independent variables) and the anthropometric indicators of a central pattern of body fat and total body fatness (as dependent variables) longitudinally.
where: Repeated measures of the same subjects cannot be considered as independent data, a key assumption of traditional regression analysis. GEE can be regarded as a multivariate technique in which time-dependent (repeatedly measured) and time-independent variables can be included, adjusted for within-subject correlation. In order to adjust for within-subject correlation, the real correlation between the data needs to be investigated ®rst. Subsequently, the structure of the correlation between the data, needs to be de®ned in the analysis. For example, if the correlation between data of different periods of measurement would be the same, an exchangeable correlation structure needed to be de®ned and the model would be solved, taking into account this structure of the data. In this study, the correlation between the data of different periods of measurement is different, that is, the correlation coef®cients became lower with increasing time between the periods of measurement. Therefore, a stationary m-dependent correlation structure was used. In this structure, correlation coef®cients are different if the time between the periods of measurement is different. If the time between the periods of measurements would exceed m, the correlations in this structure are 0. For example, for the analysis between the ages of 13±16 y, a stationary three-dependent correlation structure was used, that is, the correlation between data from periods of measurement obtained one year apart, is different from the correlation between data obtained three years apart. If the period of measurement is more than three years, which does not happen in this example, the correlation coef®cient would be 0 in this three-dependent correlation structure. For the analyses between the ages of 13±21 y and 13±27 y, a four-and ®ve-dependent correlation structure has been used, respectively. A major advantage of GEE is that the choice of the correlation structure has a limited effect on the ®nal results.
Garn et al 30 reported that the S/T ratio was fatnessdependent. Therefore, both the correlation analyses and the GEE-analyses were carried out with and without adjustment for the SSF, as an indicator of total body fatness.
All data were converted to z-scores. Hence, the b 1 in the model can be regarded as the standardized regression coef®cient between the development of personality traits and the anthropometric indicators of a central pattern of body fat and total body fatness. The analyses were made between the mean ages of 13±16 y (using data from four periods of measurements), 13±21 y (®ve periods of measurements) and 13±27 y (six periods of measurements). Analyses were carried out using SPSS and SPIDA.
31,32
Coping and fat distribution FJ van Lenthe et al Results Table 1, Table 2 and Table 3 present the means and standard deviations (s.d.) of the anthropometric indicators, coping variables and personality traits at the periods of measurement that they were measured. Table 4 presents correlation coef®cients between variables of coping behaviour and the anthropometric indicators of a central pattern of body fat and total body fatness at the mean ages of 21 y and 27 y.
In general, low and statistically not signi®cant correlation coef®cients were found in males and females between either coping strategy and indicators of a central pattern of body fat or total body fatness. In males, a negative correlation was found between type A behaviour and the SaT ratio (r 70.29, P`0.01) at the mean age of 27 y, while a positive, yet not statistically signi®cant, correlation was found between type A behaviour and SSF. Partial correlation coef®-cients between variables of coping behaviour and the SaT ratio, adjusted for SSF, were essentially the same as the correlations presented in Table 4 . The negative correlation between type A behaviour and the SaT ratio remained statistically signi®cant (r 70.27, P 0.01).
Between the ages of 13±16 y (Table 5 ), the increase of the S/T ratio was signi®cantly associated with a decrease in dominance (b 70.15, 95% CI (70.24; 70.06). Extending the period of measurement until the mean age of 21 y, this association became borderline signi®cant, but remained statistically signi®cant (b 70.09, 95% CI (70.17;70.00)) after adjustment for SSF. Between the ages of 13±21 y only, the development of rigidity was negatively associated with the development of the SaT ratio (b 70.10, 95% CI (70.18; 70.02), even after adjustment for total body fatness (b 70.11, 95% CI (70.19; 70.02)). The reported statistically signi®cant associations between personality traits and the SaT ratio were weaker and not statistically signi®cant with total body fatness.
In females, but only between between the ages of 13±16 y only, a negative association was found between the development of achievement motivation and the S/T ratio (b 70.07, 95% CI (70.14; 70.00)). Weak and not statistically signi®cant associations were found between the development of the At the mean ages of 21 y and 27 y, adult versions of the questionnaires were used.
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SaT ratio and personality traits between the ages of 13±16 y, 13±21 y and between the ages of 13±27 y (results not shown). Adjustment for the SSF did not change these results essentially.
Discussion
In this study, we investigated whether coping behaviour and associated personality traits were associated with a central pattern of body fat or total body fatness in a healthy population of males and females between the ages of 13±27 y. The population under study seems to be relatively healthy. From the level of occupation, education and income of the parents, it was concluded that the mean socio-economic background of the pupils was higher than the average of the Dutch population 33 . In a longitudinal study it is possible that compliance to the study is higher in the healthiest part of the population, a phenomenon called selective dropout. Because selective dropout may further reduce the external validity of the results, we investigated in an earlier publication whether the means of (components of) the indicators for a central pattern of body fat at the ®rst period of measurement, were statistically signi®cantly different between those who remained in and those who dropped out of the study. 18 Because signi®cant differences between both groups were not found, we do not have evidence of selective dropout.
Personality traits were measured by using youth versions between the ages of 13±16 y and adult versions of the same questionnaire at the mean ages of 21 y and 27 y. It can be argued that using two different versions of the same questionnaires is valid, because both questionnaires were used in populations for which they were constructed. In addition, because both questionnaires measure identical traits, it seems reasonable that bias should not occur. In addition, correlation coef®cients between personality traits measured with both questionnaires are all above 0.71. 27 Therefore, it was found to be legitimate to use results of both questionnaires in the analyses.
Because measurement error results in bias towards the null, it is important to estimate each indicators' reliability. Therefore, interperiod correlation coef®cients (IPC) for each variable at all possible different periods of measurement were calculated. The IPC's were included in a linear regression analysis, as dependent variables with the time between the measurements (in y) as independent variables. The intercept of this regression equation, indicating the correlation between measurements when the time between the measurements is assumed to be zero, was used as test-retest reliability coef®cient. 34 For personality traits these coef®cients were between 0.59±0.69 in males and Table 5 The longitudinal association between the development of personality traits and two anthropometric indicators of a central pattern of body fat and total body fatness over three periods of life (n 83) In our study, two anthropometric indicators of a central pattern of body fat were used. Validated against computer tomography (CT), the waist-to-hip ratio (WHR) appears to represent intra-abdominal fat slightly better than the S/T ratio in adults. 35, 36 In adolescence however, the WHR does not seem to be a valid indicator and in longitudinal studies covering the period of adolescence, skinfold ratios remain important indicators of a central pattern of body fat. Taking into account that anthropometric indicators re¯ect the amount of intra-abdominal fat only to a certain extent, it cannot be excluded that our results underestimate real associations with coping behaviour and associated personality traits.
An important source of bias may come from confounding factors, such as alcohol intake and smoking behaviour. In a previous study 37 however, we showed that these factors are not associated with a central pattern of body fat. Therefore, these factors cannot confound the reported associations in this study.
With regard to the hypotheses mentioned in the introduction, several remarks need to be made. Both coping strategies were not associated with a central pattern of body fat, nor were personality traits associated with an emotion-focused coping strategy. Expected, and indeed found, associations with a central pattern of body fat were found for type A behaviour and for some (but not all) personality traits associated with type A behaviour.
Comparing the associations between coping and associated personality factors with total body fatness (SSF) with the reported associations between coping, associated personality factors and a central pattern of body fat, con®rmed our ®fth hypothesis: all reported signi®cant associations between coping and associated personality factors and a central pattern of body fat were weaker and did not reach statistical signi®cance any longer with total body fatness. Remarkably however, the correlation coef®cient between Type A behaviour and SSF in males at the age of 27 y was in the opposite direction as expected, though not statistically signi®cant.
In line with Bjo Èrntorps' hypothesis, 13 an explanation for the reported statistically signi®cant associations is, that type A (or dominant) subjects show low levels of hormones that are increased as a result of a typical defeat reaction (in particular cortisol). However, it cannot be excluded that the reported associations are caused by increased levels of hormones as a result of the typical defence reaction. Furthermore, a subject's reaction to stressors will be much more complex than the theoretical subdivision explicitly into either of two reactions, as suggested in this study. Often, it will be a mixture of both reactions.
The negative association between a central pattern of body fat and type A behaviour at the age of 27 y was only found in males and not in females. An explanation for this might be a gender difference in the perception of type A behaviour. In a previous study, 27 Snel et al performed a principal component analysis (PCA) on a number of stressors (life events, daily hassles), behaviour styles (type A behaviour, coping style) and health complaints (mild health complaints, sleep-wake experience, vital exhaustion, and inadequacy). The results of this analysis showed that three factors could be identi®ed: a stressor factor, a coping style factor and a health factor. In males, type A behaviour loaded substantially on the stressor component and was therefore perceived as a stress-inducing factor. In females however, type A behaviour loaded on the health component and is therefore perceived more as a factor of health.
Another explanation for the fact that associations were mainly found in males is that, besides increased levels of cortisol, the defeat reaction is characterized by reduced levels of testosterone. Studies in middle aged men have shown a negative association between testosterone levels and central pattern of body fat. 38, 39 Hence, relatively low androgen levels, as a result of a defeat reaction, may have contributed to the reported associations.
Comparing our results with results of other studies is complicated, due to the limited number of studies reported in the literature, the indicators measured and the way they were measured. Lloyd et al 40 showed that psychosocial factors, particularly depressive symptomatology, were positively associated with the WHR in an adult population with insulin dependent diabetes mellitus. The authors claim to be the ®rst investigators reporting an inverse relationship between type A behaviour and a central pattern of body fat in males. Our study provides further evidence for this negative association. In a group of middleaged women, body mass index (BMI) adjusted for WHR was signi®cantly positively correlated with aspects of anger, anxiety, tension and depression, but not with type A behaviour. 41 The latter may, in addition to the above mentioned gender differences in the perception of type A behaviour, be due to the fact that the measurement of type A behaviour in women still seems to be complicated. In young black and white adults between the ages of 18±30 y, increasing hostility and increasing dif®culties to meet ®nancial responsibilities were very weakly associated with the BMI adjusted for WHR, accounting for less than 1% of the explained variance. 42 Despite the above mentioned problems of comparing results of these studies with our results, the results together, encourage further study on the relation between coping, personality and a central pattern of body fat. Preferably, these studies should include measurements of hormone levels, instead of, or in additional to, psychological variables.
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Conclusion
No association was found between either a problemor emotion-focused coping strategy and a central pattern of body fat in young adulthood. However, type A behaviour, which in males may be regarded as a problem-focused like coping strategy, was in accordance with our expectations, negatively correlated with a central pattern of body fat at the mean age of 27±y in males. Furthermore, the development of dominance and rigidity, were negatively associated with the development of a central pattern of body fat in males between the ages of 13±21 y. These associations were found independent of total body fatness.
Because it may provide important information about the natural development of a central pattern of body fat, further research is required, preferably including direct measurements of cortisol levels.
